Konoreva L., Chesnokov S., Kuznetsova E., Stepanchikova I., 2019: Remarkable records of Micarea from the Russian Far East and significant extension of Micarea laeta and M. microareolata range. -Botanica, 25(2) 186-201. The aim of the study was to consolidate data on lichens of the genus Micarea Fr. from the Russian Far East. A total of 19 Micarea species were found to be known from this area. Micarea laeta and M. microareolata were new to Asia and Russia. Additionally, M. laeta was reported new to North America, Austria and Great Britain, M. microareolata -to North America, Czech Republic and Germany as well. Micarea contexta was reported new to Asia, Micarea adnata and M. tomentosa were reported new to the Russian Far East, M. hedlundii to the South of the Russian Far East and M. lignaria to the Sakhalin Region. Micarea turfosa was excluded from the list. The distribution of taxa and some differences between related species were discussed. Molecular data were obtained and used for phylogenetic analysis of Micarea contexta, M. laeta and M. microareolata.
INTRODUCTION
The lichen genus Micarea Fr. s. lat. has been poorly studied in Asia and especially in the Russian Far East. Recent descriptions of many new species in M. prasina group (Guzow-KrzemińsKa et al., 2016 van den Boom et al., 2017; Launis et al., 2019a, b; Launis & myLLys, 2019) inspired us to revise some previous collections and undertake recent field studies on the genus Micarea. Even today in the list of Micarea species known from Asia (a total of ca 30 species), only few have been found exclusively in this large region (aptroot & sparrius, 2003; Kondratyuk et al., 2016a; Konoreva et al., 2018a, b; ohmura & Kaschiwadani, 2018) , with very few species described from Asia (KondratyuK et al., 2013) . There are scarce data on the diversity and distribution of Micarea spp. in East Asia: for example, only seven species of the genus are known from Japan (ohmura & Kaschiwadani, 2018) , twelve from Taiwan (aptroot & sparrius, 2003) , eight have been reported from South Korea (Joshi et al., 2011; KondratyuK et al., 2013 KondratyuK et al., , 2015 KondratyuK et al., , 2016a aptroot & moon, 2014 , 2015 zhurBenKo et al., 2015) , and the genus is totally absent in the lichen list of North Korea (Jeon et al., 2009) . In contrast, the lichen checklist of Fennoscandia to date includes 61 species (nordin et al., 2011) .
Since 2016, the taxonomic inventory of the lichen genus Micarea s. lat. in Russia has been conducted by the first two authors. Up to the beginning of our current research, 13 species of Micarea had been reported from the Russian Far East. The present paper contributes the knowledge about the diversity and distribution of Micarea in the Russian Far East with five new species to the whole area, and two new to the individual regions.
MATERIALS AND METHODS

Field and herbarium study
Liudmila Konoreva and Sergey Chesnokov collected numerous Micarea specimens on the islands of Sakhalin, Shikotan and Iturup in the Sakhalin Region of Russia in 2017. These collections formed the core material for our study, which was supplemented by the specimens collected by Irina Stepanchikova, Gulnara Tagirdzhanova, Aleksandra Dyomina and Nikita Zheleznyak on the Kamchatka Peninsula in the Kamchatka territory in 2016 (Fig. 1) , and by Ekaterina Kuznetsova and Irina Stepanchikova in the Leningrad Region in 2010. The data from the Leningrad Region were used to determine the distribution of the species in Russia and for the preparation of maps. The lichen specimens are deposited at the Herbaria of the Komarov Botanical Institute of the Russian Academy of Sciences, St Petersburg, Russia (LE), the University of Helsinki, Helsinki, Finland (Н) and Harvard University, Cambridge, MA, the USA (FH). Additionally, Liudmila Konoreva and Sergey Chesnokov revised the specimens of Micarea s. lat. in the Herbaria of the Komarov Botanical Institute RAS, St Petersburg, Russia (LE), the University of Helsinki, Helsinki, Finland (Н), Smithsonian Institution, the National Museum of National History, Washington, the USA (US-L), the University of Hawaii, Honolulu, Hawaii (HAW-L), the Santa Barbara Botanic Garden, Santa Barbara, the USA (SBBG), Duke University, Durham, the USA (DUKE) in 2014-2019 and in 2017-2019, respectively. The material was examined by the first two authors using standard microscopic techniques (smith et al., 2009) . High Performance Thin Layer Chromatography (HPTLC) was performed according to standard procedures (cuLBerson & ammann, 1979; Kranner et al., 2002) at the Laboratory of Lichenology and Bryology of the Komarov Botanical Institute, using solvent systems A and C. The names of pigments observed in Micarea species were given after Meyer & Printzen (2000) . Photographs of the species were made using AxioCam MRc5 digital camera mounted on Stemi-2000 CS light microscope. The distribution map was prepared using MapInfo GIS software. Geographical coordinates were given in spatial reference system WGS 1984. The crystalline granules were investigated by using a compound microscope with polarization filters. 
Molecular data analyses
DNA was extracted directly from pieces of thalli or apothecia using the modified CTAB method (Guzow-KrzemińsKa & węGrzyn, 2000) and used for PCR amplification of mtSSU rDNA. The primers mrSSU1 and mrSSU3R (zoLLer et al., 1999) were used as PCR and sequencing primers. PCR amplifications were performed with the following programme: initial denaturation at 95°C for 10 min and six cycles at 95°C for 1 min, 62°C for 1 min and 72°C for 105 s, and then 30 cycles at 95°C for 1 min, 56°C for 1 min and 72°C for 1 min, and a final extension step at 72°C for 10 min (czarnota & Guzow-KrzemińsKa, 2010) . Amplicons were sequenced using the equipment of The Core Facility Centre 'Cell and Molecular Technologies in Plant Science' at the Komarov Botanical Institute. Chromatograms were edited in FinchTV 1.4.0 (Geospiza, Inc.; Seattle, Washington, the USA), then resulting sequences were aligned online by MA-FFT version 7 (Katoh & standLey, 2013) by the L-INS-i method (Katoh et al., 2005) . Newly generated sequences were uploaded into the NCBI (GenBank); accession numbers were provided (see Table 1 ). Psilolechia lucida (Ach.) M. Choisy was selected as an outgroup (see the phylogenetic reconstruction by czarnota & Guzow-KrzemińsKa (2010)). Parts of the alignment with ambiguous positions that might not have been homologous and terminal ends were excluded from the analyses.
Maximum likelihood reconstruction was carried out in RAxML (stamataKis et al., 2005) through the RAxMLGUI interface (siLvestro & michaLaK, 2012) . Bootstrap support values were calculated on 1000 bootstrap replicates using rapid bootstrapping ('ML + rapid bootstrap' function in RAxMLGUI).
RESULTS AND DISCUSSION
Up to the beginning of our current research, 13 species of Micarea had been reported from the Russian Far East in literature, namely: M. assimilata (Nyl.) Coppins (maKarova, 1983; miKuLin, 1988; KotLov, 1995; maKarova & Katenin, 1992 afonina & doBrysh, 2000; Kristinsson et al., 2010) , M. cinerea (Schaer.) Hedl. (sKirina, 2015b), M. denigrata (Fr.) Hedl. (HimeLBrant et al., 2009 (HimeLBrant et al., , 2014 Konoreva et al., 2018a) , M. elachista (Körb) Copins et R. Sant. (TchaBanenKo, 2002; sKirina 2015a, b; Konoreva et al., 2018a) , M. hedlundii Coppins (chernyaGina, 2018) , M. incrassata Hedl. (Kristinsson et al., 2010; GaGarina & Konoreva, 2015) , M. lignaria (Ach.) Hedl. (maKarova, 1987; afonina & doBrysh, 2000; Kristinsson et al., 2010; sKirina, 2015b) , M. melaena (Nyl.) Hedl. (maKarova, 1983; maKarova & Katenin, 1992 KotLov, 1995; sKirina, 1996; afonina & doBrysh, 2000; tchaBanenKo, 2002; Kristinsson et al., 2010; GaGarina & Konoreva, 2015; Konoreva et al., 2018a) , M. misella (Nyl.) Hedl. (himeLBrant et al., 2014) , M. peliocarpa (Anzi) Coppins et R. Sant. (sKirina, 1996; tchaBanenKo, 2002; Kristinsson et al., 2010 ), M. prasina Fr. (insarov & pcheLKin, 1988 tchaBanenKo, 2002; himeLBrant et al., 2009 himeLBrant et al., , 2014 himeLBrant & stepanchiKova, 2011) Altogether, 19 Micarea species were found to be known from the Russian Far East. Taking into consideration the geographic location of the Russian Far East, its climate and variety of substrates and biotopes suitable for Micarea species, much higher diversity of the genus was expected especially within the group of species referred to M. prasina s. lat. which (in the light of new discoveries) needs further serious revision using molecular methods, thin-layer chromatography and polarization microscopy, as it has been done for European material (czarnota & Guzow-KrzemińsKa, 2010; Guzow-KrzemińsKa et al., 2016 Launis et al., 2019a, b; Launis & myLLys, 2019; van den Boom et al., 2017) . 
Results of molecular investigation
A total of four new mtSSU rDNA sequences were generated; 112 sequences were downloaded from GenBank. The final alignment consisted of 116 sequences and 1282 characters, of which 719 were parsimony-informative.
The phylogenetic reconstruction (Fig. 2) showed that our sequence of Micarea microareolata from the Sakhalin Region was combined in one of the two well supported clades with other specimens named as M. microareolata from GenBank sequenced by Launis et al. (2019b) from Europe. Our new sequence belonged to the second subgroup in which the holotype was absent. Launis et al. (2019b) have suggested that in fact there could be a sister species to M. microareolata, differing only in molecular data. We specified the similarities of morphological and anatomy structures of our specimen with type material of M. microareolata and characters described in a protologue for this name, and also the presence of methoxymicareic acid. Thus, we believe it is premature to segregate a new species in this case and further research obviously is needed. Unfortunately, we couldn't obtain sequences of Micarea microareolata specimens from the Leningrad Region and the USA, in one case due to lack of material for molecular investigation (the specimens were small), and in the other one due to the age of specimens. However, both these specimens corresponded well in a morphology, anatomy and chemistry to the specimens from Sakhalin Island and to the specimens described by Launis et al. (2019b) .
Two sequences from Sakhalin Island fall into one supported clade closely related to the sequences of M. laeta from Europe (Launis et al., 2019b; Guzow-KrzemińsKa et al., 2019) , the case similar to M. microareolata. Morphologically and chemically our specimens are also very close to the type specimens of M. laeta. Thus, we consider that these specimens probably differ only in molecular data, which perhaps can be explained by significant geographic distance as well.
The sequences of Micarea contexta are combined in well supported clade with sequence of M. melaena obtained from GenBank. This supports the opinion of B.J. Coppins, who has assumed the close relation of these taxa (coppins, 1983) . However, there are clear morphological differences between these species (see below in the text). It is possible that if more sequences (and more genes) of both species are included in the analysis, they will form separate clades. At this stage we see no reason to combine these species.
The examined specimens are listed below. The differences between the related species are presented along with the data on secondary metabolites, ecology and distribution.
Two of the species, Micarea laeta and M. micro-areolata, have recently been described (Launis et al., 2019b) . Their distribution in Europe and in the Russian Far East (Fig. 3) as well as findings of M. microareolata in European Russia and the USA suggest that these species prefer temperate areas with a humid climate (coastal), and can probably be found later in similar conditions, including other parts of Asia and North America.
Micarea adnata Coppins
Thallus forming thin crust, continuous or irregularly areolate, whitish green. Photobiont micareoid, up to 7 μm in diam. Apothecia absent in specimens from the Russian Far East. Sporodochia numerous, from flat to convex or ± globose, white or pallid, resembling small apothecia, 0.15-0.4 mm diam.
[0.1-0.3 mm diam. according to czarnota (2007)]. Сonvex sporodochia often constricted at the base without white rim, which corresponds to the descriptions by Coppins (1983) and czarnota (2007) (urBanavichus & urBanavichene, 2003) . World distribution: Europe, Asia (czarnota, 2007) . This species was reported new to the Russian Far East.
Specimens examined. The Sakhalin Region. Shikotan Island: the vicinity of Malokurilskoe settlement, a natural monument 'Filodendrovaja rošča', 43°52'09.5'' N, 146°50'40'' E, 86 m, Taxus cuspidata grove with Phellodendron amurense Rupr., Betula sp. and Abies sachalinensis (F. Schmidt) Mast., on wood of Taxus cuspidata, 20 June 2017, S. Chesnokov 222 (LE). Micarea contexta Hedl. (Fig. 4A) Thallus endoxylic, inconspicuous. Photobiont micareoid, up to 7 μm in diam. Apothecia black, small, 0.1-0.3 mm, immarginate even when young. Upper part of hymenium and vertical streaks dull green, hymenium 40-50 μm tall, hypothecium purple-green, 90-100 μm tall. Paraphyses of two types. The first type aggregated in vertical streaks, up to 2.0 μm wide, with thickened (up to 3 μm) and pigmented apices. The second type of paraphyses very thin (up to 1 μm wide), anastomosing and poorly distinguished. Ascospores 1-septate, ovoid, in our material 7.5-12.5 × 3-4.5 μm, according to czarnota (2011): 7-12 × 3-4.5 μm.
NOTE. M. contexta is similar to immature forms of M. melaena (Nyl.) Hedl. and to M. nigella Coppins, but differs from both species in 1-septate spores.
Unlike M. melaena, M. contexta has indistinct thallus and smaller spores [those of M. melaena are (1-)3(-5)-septate and 12-20 × 4-5.5 μm according to czarnota (2007)]. M. nigella has simple spores and stalked pycnidia.
Chemistry. No substances detected by HPTLC. Spot tests: green colour of hymenium and epihymenium in K ± green intensifying, N+ red to purplish, HCl+ blue-green ('Cinereorufa-green'). Dark purple colour of hypothecium in K+ green, N+ red, HCl+ purple ('Melaena-red').
GenBank No.: MN166047. Ecology and distribution. The species prefers boreal or montane coniferous forests and rotten wood as substrate (czarnota, 2011). Our material was also collected in coniferous forests on rotten wood. Distribution in Russia: European 
Micarea hedlundii Coppins
Thallus granular, dull green, composed of goniocysts with a gel-matrix containing ± orange, K + violet, C+ violet oil droplets (czarnota, 2007 (2007)]. Paraphyses anastomosing. Ascospores 0-1-septate, 9-11 × 3-4 μm [(6.5-)7.5-9-(-12) × (2.5-)3-4(-4.5) μm according to czarnota (2007)]. In polarized light, crystals were visible in hymenium. Pycnidia always present, stalked, up to 1 mm tall, pale, pinkish to grey-brown, tomentose; pycnidial walls brownish, K+ violet, C+ violet.
NOTE. Some specimens are fertile, and some have pycnidia only. The species is distinguished from the other species of M. prasina-group by the stalked, pale, pinkish to grey brown tomentose pycnidia, absence of substances detected by HPTLC and the presence of orange-yellow, K ± purple-violet oil droplets in the matrix of goniocysts. Ecology and distribution. The species prefers shady, humid forest conditions, where it grows on rotten wood and stumps. Distribution in Russia: European Russiathe Leningrad Region ), the Tver Region (notov et al., 2016 , the Republic of Komi (pystina, 2001; hermansson et al., 2006) ; Siberia -the Republic of Sakha (Yakutia) (ches-noKov et al., 2016; Konoreva et al., 2018b) ; the Far East -Kamchatka (chernyaGina, 2018) . World distribution: Europe, North America, Central Africa, South America (czarnota, 2007) . The species was reported new to the South of the Russian Far East.
Chemistry. No substances detected by HPTLC. Specimens examined. Kamchatka territory. Mil'kovo district: ca. 11 km SSW of Lazo, N foot of Nikolka (Kunchokla) Mt., 55°26'09.1'' N, 159°42'02.9'' E, alt. 116 m, primeval spruce forest with mosses, horsetails and short herbs, on fallen deadwood, 12 August 2016, I. Stepanchikova, G. Tagirdzhanova & A. Dyomina NIK-10-2016 (LE) ; ibid., ca. 14 km SW of Lazo, N foot of the Nikolka (Kunchokla) Mt., 55°25'15.0'' N, 159°38'55.3'' E, alt. 114 43°44'58.6'' N, 146°41'39.7'' E, alt. 17 m, Salix sp. stand in the floodplain, on rotten wood, 14 June 2017, L. Konoreva 363 (LE); ibid., the vicinity of Notoro Mt., 43°46'51'' N, 146°42'13.7 '' E, alt. 75 m, Taxus cuspidata-Abies sp. forest by the stream, on wood of Taxus cuspidata, 17 June 2017, S. Chesnokov 205 (LE); ibid., on wood, 17 June 2017, L. Konoreva 436 (LE) . (Fig. 4B, C) Thallus composed of goniocysts, usually coalescing to form larger granules or almost continuous crust, vivid green to olive green. Photobiont micareoid, up to 7.5-8 μm diam. Apothecia adnate, convex to hemispherical, whitish to creamy-white or brownish, 0.1-0.4 mm diam. Chemistry. TLC: methoxymicareic acid. GenBank No.: MN121417, MN124508. Ecology and distribution. This species has been recorded on bark of Betula sp. and bark and wood of Picea abies (L.) Karst. in managed and old-growth forests (Launis et al., 2019b) . Our specimens were found on wood and on bark of rotten Abies sachalinensis both in coniferous and deciduous forests. Worldwide, this species is known only from Northern Europe: Finland and Sweden (Launis et al., 2019b) . We reported it new to Asia and Russia, Austria, Germany, Great Britain and North America (Fig. 4) NOTE. This species can be confused with M. ternaria (Nyl.) Vĕzda and M. turfosa (A. Massal.) Du Rietz, but differs in having Pd+ rusty red thallus (especially clearly the reaction is visible on the medulla) and C -apothecial sections. Additionally, M. turfosa has dark brown hypothecium (against hyaline or with greenish or brownish tinge hypothecium of M. lignaria). Spores of M. lignaria often are more than 3-septate (those of M. ternaria are never more than 3-septate) (coppins, 1983) . Sometimes M. lignaria can be confused with dark forms of M. cinerea and M. peliocarpa, but these two species have more flattened apothecia with margin, apothecia section C+ red and hyaline hypothecium (Coppins, 1983) .
Micarea laeta Launis et Myllys
Chemistry. HPTLC was not performed (it is not necessary for identification). Spot test: thallus and medulla Pd+ red, apothecial section C-.
Ecology and distribution. It prefers (not strictly) tundra and alpine communities, where can be found on soil, mosses and plant debris (coppins, 1983; czarnota, 2007; smith et al., 2009) . We found the species on mossy rocks. Distribution in Russia: European Russia [e.g. the Republic of Karelia (fadeeva et al., 2007) and the Novgorod Region (Kataeva, 2002) Micarea microareolata Launis et al. (Fig. 4D) Thallus composed of goniocysts, usually coalescing to form convex to subglobose small areolae, sometimes thallus granular, pale olive green to whitish green or partly bright green. Photobiont micareoid, NOTE. M. microareolata is distinguished by the absence of Sedifolia-gray from M. byssacea and by thallus structure and narrower spores from M. laeta (see description of this species above).
Chemistry. TLC: methoxymicareic acid. GenBank No.: MN121431. Ecology and distribution. Launis et al. (2019b) have described M. microareolata as a species with broad ecological requirements inhabiting bark of different trees. Our specimens confirmed the statement; they were collected in various types of forests on wood, bark and even on fruit bodies of polypore. To date, the species has been known in the world only from Northern Europe (Launis et al., 2019b) . It was reported new to Asia and Russia, Germany, Czech Republic as well as to North America (Fig. 5) 
Micarea tomentosa Czarnota et Coppins
Thallus bright green, composed of small goniocysts. Photobiont micareoid, up to 7-8 μm diam. Our specimen lacks apothecia, only pycnidia are present on thalli. Pycnidia numerous, globose, sessile, pale, whitish-gray or gray, distinctly tomentose, pycnidium wall brownish, K-. Conidia 3-4 × 1-1.5 μm [(2.98-) 3.2-3.5(-3.77) × 1.23-1.5(-1.65) μm according to czarnota (2007)].
NOTE. The species can be easily identified by sessile to shortly stalked pycnidia, first covered by white tomentum (but later sometimes only the bases of pycnidia are tomentose), and absence of yellowish (K± purple-violet) oil droplets in the matrix of goniocysts (in contrast to M. hedlundii).
Chemistry. No substances detected by HPTLC. Spot tests: pycnidia wall K-.
Ecology and distribution. In the investigated territory, the species inhabits bark at the base of coniferous trees in shaded humid forest conditions. In other regions, for example in Yakutia, it prefers rotten wood. Distribution in Russia: European Russia -the Moscow Region 
Excluded Taxon Micarea turfosa (A. Massal.) Du Rietz
Both samples published previously (andreev et al., 1996; GaGarina & Konoreva, 2015) were re-determined as Bilimbia lobulata (Sommerf.) Hafellner & Coppins.
Specimens examined. Chukotka Autonomous Area/Okrug. SO part of Chukotka Peninsula, NW of coast of Penkigney Bay, the estuary of the Pescovaja River, lower part of the northern slope of the northern ridge, grass-Dryas sp.-lichen community, on soil, 14 August 1978, A.E. Katenin (LE 12728, 12729) . biodiversity, species distribution'. The molecular research was done using the equipment of The Core Facility Centre 'Cell and Molecular Technologies in Plant Science' at Komarov Botanical Institute RAS (St Petersburg, Russia). The work was supported by the grant of RFBR № 19-04-00074 'Biodiversity and phylogenetic relationships of lichens of the Far East and West coast of North America on the example of the families Micareaceae and Teloschistaceae'. The authors are grateful to Mikhail Okun' (Thermo Fisher Scientific, St Petersburg) for his help in phylogenetic analysis.
